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Introduction
It is well established that the behavior of different mammalians including rodents may undergo profound changes in the presence of others individuals (LI.; LIBERLES, 2015) . In rodents, particularly domestic mouse (Mus musculus) and laboratory rats (Rattus norvegicus), these behavior changes and physiological aspects are quite evident when different species are kept in the same environment (HARK-NESS; WAGNER, 1995) . This is due to the presence of pheromones that can influence the sexual behavior of different species kept in the same physical environment. Furthermore, many data suggest that pheromones may stimulate the gonadotropic function of the pituitary gland in rodents, changing the duration of the estrous cycle and the secretion of several hormones (MAFFATT, 2003; WACKER; LUDWIG, 2012; SCHANK; ALBERTS, 2000) .
Female rodents are poliestric, have spontaneous ovulation and regular and successive estrous cycles that may vary with age and species. These cycles are also influenced by light, seasons of the year and life circumstances. On the other hand, estrous cycles occur without seasonal influence in rodents submitted to environmental control under laboratory conditions (MAEDA; MURR; COOPER, 2000; GOLD-MAN; MURR; COOPER, 2007) .
Evidence of the influence of male and female pheromones on the sexual function and gonadal steroids levels is less conclusive in rats than in many other rodents. Rats are generally much less sensitive than mice and under normal laboratory conditions, there is little evidence of the synchronization of cycles with cage mates, which would normally be apparent in females of many other mammalian species living in close proximity. Similarly, there is no clear evidence of cycle changes after pairing, as seen in the "Whitten effect" in mice, although it has been reported that regular cycles are better maintained in the long term in female rats if males are kept in the same room (MAEDA; MURR; COOPER, 2000; LOHMILLER; SWING, 2006) .
Detailed knowledge of the estrous cycle and gonadal steroids levels in laboratory rats are very important for several pharmacological studies and/or reproductive toxicity evaluation. When incorporated with other measures, the determination of the cycling status of the rats can provide important information about the nature of the agent that cause damage to the reproductive system. Thus, it could help integrating the date into a more comprehensive mechanistic portrait of the effect, and in terms of risk assessment, it may provide some indication of the toxicant capacity to Influence reproductive physiology of humans (GOLDMAN; MURR; COOPER, 2007) . In this sense, knowing the reproductive parameters of female laboratory rats is essential to guarantee reproducibility and safety of results.
Thus, the aim of the present study was to determine whether the presence of male domestic mice, partially separated by a physical barrier, could directly influence the sexual function and gonadal steroids levels of female laboratory rats.
Material and Methods

Animals
Maintenance and use of animals were in accordance with the Brazilian Animal Welfare Legislation. All experimental procedures adopted in this study were previously approved by the Institutional Ethics Committee of the "Universidade Paranaense" (UNIPAR, Brazil; authorization number 22932/2012). Twenty Long Evans (LE) female rats were purchased from Universidade Estadual Paulista "Júlio de Mesquita Filho", Araraquara, Brazil, and 20 Swiss (SW) male mice were purchased from "Universidade Federal do Paraná", Curitiba, Brazil at the age of 16 weeks. The animals were allowed to adapt to the new conditions for two weeks. At the research vivarium of the "Universidade Paranaense", 4 animals per cage were kept under standard conditions (mean temperature of 22 ± 2°C, 50 ± 20% relative humidity, 12:12 h light-dark cycle) on sterilized aspen wood granulate bedding. Animals received commercial pelletized diet (Nuvilab CR1, Curitiba, Brazil) and water ad libitum. The animals had been tested according to the FELASA recommendations (NICKLAS et al., 2002) and were free of the listed micro--organisms.
Experimental procedure
Before the beginning of the experiment, blood samples were collected via tail vein to assess the different biochemical and hematological parameters as health indicators. One week after this procedure, the animals were housed in separate rooms (4 m 2 each), with communication on the ceiling (opening of 30 cm) in its entire length. A continuous flow of air was planned to pass through the room of mice before the room of rats and finally be exchanged with the external environment. A 12:12 h light-dark photoperiod was controlled by time switches. The temperature was daily recorded and varied from 22°C to 25°C. Two LE female rats were housed per cage (to prevent Lee-Boot effect), and 2 weeks prior to use, all animals underwent daily vaginal smears to evaluate cycle stage based on cytology (control). Although 20% of LE female rats did not show regular cycle, only rats that had completed two consecutive estrous cycles were used in the following studies.
During 45 days, to assess the progression of the estrous cycle, vaginal smears were performed twice daily, one in the morning (9:00 am) and one in the afternoon (05:00 pm). Considering the short time span of the estrous phases, daily collections were performed with an interval of 8 h to obtain a more precise classification of each phase. Vaginal secretion was collected with a plastic pipette filled with 10 µL of normal saline (0.9% NaCl) by inserting the tip into the vagina, but not deeply. Vaginal fluid was placed on glass slides. A different glass slide was used for each cage of animals. One drop was collected with a clean tip from each rat. Unstained material was observed under light microscope without the use of condenser lens, with 10 and 40 x objective lenses.
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Pherormones from male... Three types of cells could be recognized: epithelial cells are round and nucleated; cornified cells are irregular and without nucleus; and leukocytes are little round cells. The proportion among them was used for the determination of the estrous cycle phases (WESTWOOD, 2008) . Only one slide was used for each cage. At the end of experimental period, rats were euthanized by decapitation and autopsied. The reproductive tract, liver and adrenals were removed through laparotomy and weighed. The relative organ weight of each animal was calculated as follows. Relative organ weight: (absolute organ weight × 100%)/ body weight of rats on the day of sacrifice. For statistical comparison of the relative weight of target organs, another group of LE female rats not exposed to pheromones from SW male mice was used. Additionally, serum dehydroepiandrosterone (DHEA), estradiol and progesterone levels were measured using a microparticle enzyme immunoassay (AxSYM DHEA, estradiol and progesterone assay). Kits were purchased from Abbott laboratories (Abbott Park, IL, USA).
Results
Indicator of health and welfare in laboratory female rats
When compared with published data, significant alterations in hematological parameters and erythrocyte indices could not be observed. Biochemical profile in relation to analytes and enzymes measured showed no discrepancy in relation to data previously published (MAEDA; MURR; COOPER, 2000; LOHMILLER; SWING, 2006) (Table 1 and 2). 
Pheromones from male mice can affect estrous cycle of female rats
The duration of each phase of the estrous cycle of female rats at the beginning of the experimental period and after 45 days of exposure to pheromones from SW mice is shown in Table 3 . Moreover, Figure 1 shows the total duration of the estrous cycle (A) and the dispersion between animals (B) after 45 days of exposure to pheromones of male mice. The total duration of the estrous cycle was approximately 4.9 days with an average growth of 2.1 days between different animals, showing no statistically significant difference from data obtained at the beginning of the experimental period.
The proestrus phase (Figure 2A-C and Table 3) , characterized by the large number of epithelial cells, had an average duration of approximately 32.8 hours (A), with standard error of approximately 3 hours (control: 12 ± 1.54 hours; p<0.05). Some animals showed significant internal variation at this stage of the cycle, with a variation that reached 45.3 hours among animals with the greatest discrepancy ( Figure 2B) . Figure 2 and Table 3 illustrates the duration of the estrus phase (2D) and the internal variation among animals (2E). It was observed that estrus phase had an average duration of 35.5 hours with standard error of approximately of 3.3 hours (control: 12 ± 2.20 hours; p<0.05). At this stage, primarily cornified cells are observed (2F).
The metaestrus ( Figure 3A -C and Table 3 ) had an average duration of approximately 27 hours, with standard error of approximately 2.1 hours (control: 21 ± 4.06 hours). At metaestrus, the presence of epithelial cells, leukocytes and some cornified cells can be observed (3C).
The diestrus phase ( Figure 3D -F and Table 3 ) was identified as the shortest stage of the estrous cycle, with an average duration of approximately 22.9 hours and standard error of approximately 4.3 hours (control: 56 ± 8.12 hours; p<0.05). It was also observed that some animals showed significant variation at this stage of the cycle, with internal Pherormones from male... SILVA et al. variation that reached 55.9 hours among animals with the greatest discrepancy. This phase was characterized by the presence of large amounts of leukocytes.
Pheromones from male mice influences the gonadal steroids levels of female rats
The serum DHEA, estradiol and progesterone levels of LE female rats at the beginning of the experimental period and after 45 days of exposure to pheromones from SW male mice are shown in Table 4 . The serum estradiol values of LE female rats were significantly increased after 45 days of exposure to pheromones from SW male mice, with an increase of approximately 40%. DHEA and progesterone levels were not affected by exposure.
Final body weights and relative organ weight of female rats was not affected by pheromones from male mice
Final body weights and organ weights were measured at the end of the experimental period in all animals. No statistically significant differences were observed in absolute (g) and relative weights (%) of almost all isolated organs from the beginning of the experimental period and after 45 days of exposure (Table 5 ). 0,12 ± 0,01 0,13 ± 0,01 Ovaries (%) 0,02 ± 0,01 0,02 ± 0,01 Liver (%)
3,13 ± 0,07 3,33 ± 0,09 Adrenal (%) 0,02 ± 0,01 0,02 ± 0,01
Values are expressed as mean ± S. E. M. of sixteen rats rats in each group in comparison to the control using Student's t-test.
Discussion
Social cognition for many mammals, including rodents, begins at the main and accessory olfactory systems, where pheromones play a central role. Pheromones are chemical substances that through olfactory stimuli can play an important role in communication of different species (WA-CKER; LUDWIG, 2012; BUCK, 2000) . In general, rodents can secrete two types of pheromones, signaling and priming. Priming pheromones include estrus-inducer, estrus-inhibitor, and adrenocortical activator, and can affect the estrous cycle of female mice or other rodents. At least three effects from pheromones are observed in mice, the Bruce effect, the Lee--Boot effect, and the Whitten effect. The Bruce effect occurs when the pheromones from a strange male prevent embryo implantation in females. The Whitten effect is characterized by synchronization of estrus in females following the introduction of a male. On the other hand, anestrous induction in some members of a group of females housed together is known as the Lee-Boot effect (HARKNESS; WAGNER, 1995; MAFFATT, 2003; WACKER; LUDWIG, 2012; SCHANK;
Pherormones from male... SILVA et al. ALBERTS, 2000; MAEDA; MURR; COOPER, 2000; GOL-DMAN; MURR; COOPER, 2007) . Although pheromones play an important role in the sexual behavior of mice, the role of male and female pheromones on the estrous cycle of rats is less conclusive. Rats are generally much less sensitive than mice, and under normal laboratory conditions, there is little evidence of the synchronization of cycles with cage mates. Additionally, there is no clear evidence of cycle changes after pairing, as observed in the "Whitten effect" in mice, although it has been reported that regular cycles are better maintained in the long term in female rats if males are kept in the same research vivarium (MAEDA; MURR; COOPER, 2000; LOHMILLER; SWING, 2006; KIYOKAWA et al., 2004) .
In fact, researchers frequently maintain a research vivarium attached to their experimental facilities. Although practical, these environments do not have always fully controlled conditions of micro and macro environmental factors. Thus, micro and macro environmental conditions, especially the presence of males of other species or strains can lead to significant physiological and/or behavioral changes (BEY-NON; HURST, 2004; LARSEN; KOKAY; GRATTAN, 2008; POHORECKY et al, 2008) . It has been well established that the estrous cycle is light sensitive, and constant light results in persistent estrus and polycystic ovaries (KLÖTING et al, 2013) . Nevertheless, there are few studies that investigate the influence of the presence of strange males of other rodent species on the estrous cycle of rats. The results obtained in this study show for the first time that the prolonged permanence of SW male mice near by LE female rats in research vivarium could directly influence the hormone secretion and duration of the different phases of the estrous cycle.
The estrous cycles of rats are characterized by morphological changes in ovaries, uterus and vagina that occur during different phases called proestrus, estrus, metaestrus and diestrus. The stages of the vaginal cell cycle will normally correlate with changes in the sexual hormone secretions and female reproductive organs, e.g. ovary and uterus. The proestrus and estrus phases of female rats last for 12 h each, while the metaestrus phase lasts for 21 h and the diestrus phase lasts for 57 h ((MAEDA; MURR; COOPER, 2000; LOHMILLER; SWING, 2006) . In our study, before exposure to mice pheromones, these values are within normal levels. However, after exposure, the proestrus and estrus phases were increased and the diestrous phase was significantly shorter. Encouraged by these results, we measure estradiol, progesterone and DHEA levels in all LE female rats after 45 days of exposure. Our results showed that estrogen concentration was significantly increased, with a direct correlation between estradiol levels and proestrus/estrus cycle phases. Several studies have shown that estradiol levels can regulate the estradiol secretion by gonads. In the proestrus e estrus phases, a progressive increase in the estradiol level may occur, inducing sexual receptivity and ovulation (GOL-DMAN; MURR; COOPER, 2007) .
Based on these results, a question can be raised: can pheromones from SW male mice influence the sexual behavior of LE female rats? It is known that the odors have great importance since it is through innate smell of each species that animals of the same group recognize each other, mainly in the sexual behavior of mice. In mice and others rodents the preputial glands are one of the major sources of pheromones. These volatile chemo signaling compounds are known to elicit specific behavioral and physiological effects in their conspecifics (MAFFATT, 2003; POHORECKY et al, 2008) . When male urine was added to female nares or female mice caged downwind from male mice, they developed synchronized estrus cycling, initiate prolactin-induced neurogenesis, and advance maternal behavior (SCHANK; ALBERTS, 2000; LARSEN; KOKAY; GRATTAN, 2008) . Moreover, exposure of a male mouse to a female mouse separated from it by a holed partition induced specific behavior and an increase in blood testosterone in the male (AMSTISLAVSKAYA; POPOVA, 2004) .
As can be seen, pheromones can be a powerful stimulus for behavior and must be considered when breeding mice or other rodents. It is noteworthy that in a vivarium, whether in research, breeding or education, there is the presence of many odors such as ammonia (resulting from animal urine), or others from the laboratory (perfumes, cleaning materials, etc.). Such factors can alter the physiological and pharmacological responses inherent to animals (LI; LIBER-LES, 2015; BUCK, 2000) . In fact, we believe that the presence of odors from male rodents from other species may also directly affect the behavior of rats or mice. Furthermore, the presence or absence of males of the same species and/ or different species can directly affect hormone production with important changes in the estrous cycle and receptivity of females (MAFFATT, 2003) . Thus, unlike results previously found, we found that odors from SW male mice, even in the absence of eye contact, can cause profound changes in hormonal concentration and regularity of the estrous cycle of LE female rats.
Despite the clear indication of the involvement of pheromones from SW male mice, we do not rule out, despite the tightly controlled environment, other macro or micro environmental factors that may also be involved in these changes. Environmental, dietary and health factors may also directly affect animal welfare, and consequently influence the duration of the estrous cycle phases of rodents. Sudden changes in temperature and humidity often cause stress, decrease reproduction rates and increase susceptibility to infections. Furthermore, photoperiod is undoubtedly one of the most important items that influence the circadian cycle, and may directly influence the behavior of animals. Abrupt changes in photoperiod affect the metabolism of animals, with consequent changes in hormone production, leading to anomalous behavior including reproduction (HARKNESS; WAGNER, 1995) . Further studies should be conducted to investigate the interrelationship of micro and macro-environmental factors in the changes observed.
Conclusions
The results of this study showed that maintaining LE female rats in a research vivarium in the presence of pheromones from male SW mice can significantly change the hormone concentration and duration of each individual phase of the estrous cycle. These changes are very relevant in reproductive toxicology studies and/or reproduction physiology where the regularity of the estrous cycle is crucial for the reliability and reproducibility of results.
